In all IR CTX cycles, there are also no significant differences in GL adherence between the first (51.3%) and subsequent cycles (51.1%; p = 0.948). In LC patients treated in certified or comprehensive cancer centers, the GL adherence in FN-HR chemotherapy was 53.0% vs. 44.9% in other centers (p = 0.295); in FN-IR chemotherapy, it was 45.1% vs. 43.8% (p = 0.750). In BC with FN-HR chemotherapy, GL adherence in certified or comprehensive centers was 85.4% vs. 84.7% in other institutions (p = 0.869); in FN-IR chemotherapy, it was 60.2% vs. 55.0% (p = 0.139). GL adherence in FN-HR chemotherapy and in FN-IR chemotherapy differed between pulmonologists and hematologist-oncologists (FN-HR: 25.0% vs. 43.6%, p < 0.001; 38.1% vs. 48.6%, p < 0.001). Comparing gynecologists with hematologist-oncologists, GL adherence in FN-HR chemotherapy was 86.2% vs. 82.5%. In FN-IR chemotherapy, GL adherence by gynecologists and hematologist-oncologists was 58.6% and 55.6%, respectively (p = 0.288; p = 0.424). Classification and regression tree analysis split pulmonologists and other specialists, with the latter adhering more to GL (p < 0.001). Hematologist-oncologists and gynecologists with more than 2 years of professional training in medical cancer therapy adhered more closely to GL than others (68.7% vs. 46.2%, p < 0.001). Pulmonologists attending ≥ 2 national congresses annually adhered more to guidelines than other pulmonologists (44.8% vs. 24.3%, p < 0.001). Conclusions Adherence to G-CSF GL in Germany has increased but is still insufficient. Certified and comprehensive cancer centers show a higher rate of GL implementation. In GL adherence, there is still a disparity between cancer types and between oncology treatment specialists.
Introduction
Use of hematopoietic growth factors is the recommended standard of care to prevent neutropenia and febrile neutropenia in patients with malignant diseases undergoing chemotherapy. The aim of neutropenia prophylaxis is to prevent neutropenic infections, which manifest as febrile neutropenia and can potentially be lethal [1, 2] . Neutropenia-associated complications often lead to dose reductions or delays in chemotherapy and thus to a reduced relative dose intensity, which can worsen the survival of patients [3] . The rate of infection-associated complications should therefore be kept low.
Consistent prophylaxis of neutropenia and febrile neutropenia with the hematopoietic growth factors G-CSF or GM-CSF for the stimulation of granulopoiesis directly after chemotherapy is therefore indispensable. The application of these factors is defined by guidelines based on evidence from clinical trials [4] [5] [6] [7] [8] [9] [10] . It has recently been published that insufficient guideline adherence increases the risk of problems caused by chemotherapy-induced neutropenia and febrile neutropenia [11] .
A first study in 2012 showed that the implementation of guidelines for neutropenia prophylaxis with G-CSF in Germany was not sufficient [12] . This is why many training courses, workshops, lectures, and conferences have taken place to highlight the problem of inadequate guideline adherence. A second representative study has now been carried out in 2015 to determine whether progress has been made in the implementation of the G-CSF prophylaxis guidelines.
Aims of the study
The primary aim of the study is to examine the implementation of the updated European Organisation for Research and Treatment of Cancer (EORTC) guideline (2010) on primary prophylaxis with G-CSF in patients who have undergone a chemotherapy that is associated with a high (> 20%) or intermediate (10-20%) risk of febrile neutropenia (FN).
To this end, a nationwide representative survey was conducted into the current practice of neutropenia prophylaxis in medical practices and hospitals in the case of two relevant oncological tumor entities in which chemotherapies with a high or intermediate FN risk are frequently used: breast and lung cancer. The results were compared with those of the first nationwide representative survey in 2011/12 (Bneutropenia prophylaxis I^) to establish to what extent and in what areas adherence to the guideline in Germany has improved over recent years [12] .
In addition, the attending physicians were surveyed about their competence profile, their assessment of the quality of the guidelines, and their approach to neutropenia prophylaxis. The aim was to determine whether and to what degree this correlates with the guideline-compliant therapy. These results were also compared with the data from the first quality assurance initiative (neutropenia prophylaxis I).
A further aim was to examine the extent to which the following certified centers differ from other establishments in their adherence to the guidelines. This was based on the following certifications: breast cancer center (German Cancer Society -DKG), lung cancer center (DKG), oncological center (DKG), oncological center (German Society for Hematology and Medical Oncology -DGHO), and comprehensive cancer center (CCC, DKG).
Hypotheses
This study sought to explore the implementation of guidelines on neutropenia prophylaxis in day-to-day treatment in Germany. As the main hypothesis, it is assumed that implementation of the guidelines has improved compared with the first quality assurance initiative (2011/12).
& The implementation of guidelines on neutropenia prophylaxis differs along the treatment structure & The competence profile of the attending physicians correlates with guideline-compliant neutropenia prophylaxis.
Methods
This was a retrospective sample survey representative for German hospitals and practices applying chemotherapy in patients with breast cancer or lung cancer. To achieve a reliable sample, which is representative for Germany, the distribution of the patients to be documented was specified in the individual indications among the facilities involved. This was done using the facilities' data on patient numbers and treatment structure from the first nationwide representative survey in 2011/12 (neutropenia prophylaxis I) [12] . The participating centers are assigned to clusters based on key distinguishing features (facility type, care level, specialization, and number of patients treated) and their percentage of the sample is determined by comparison with the data from the health care structure analysis of 2012. By taking this approach, the actual percentages of the various care facilities in an indication area can be reflected as proportionally as possible in the patient documentation sample. In order to address the problem of inflation of type I errors (false-positive or α-errors) by multiple testing, the p values were adjusted using the Benjamini and Hochberg procedure to control the false discovery rate (FDR) [13] . Since the design of this study is explorative in character, correction of the FDR is more appropriate than a Bonferroni-based correction of the family-wise error rate (FWER). Although FWER correction is strong in controlling type I errors, it ignores dependencies among the data and is also associated with inflation of type II errors (false-negative or β-errors), thus existing correlations may not be identified due to overcorrection [14] . The sample size was set at approximately 1% of the annual incidence of each new diagnosis in Germany to obtain reliable and valid analytical results, i.e., 800 patients with breast and 600 with lung cancer. Data was collected completely anonymously so that neither the attending physician nor the institute-commissioned AIO or ASORS could identify or trace back patients from the personal data after it had been recorded. Statistical analyses were performed with the SPSS 19 statistical package. As far as applicable, the study was compliant with the STROBE guidelines [15] . To describe possible links between guideline adherence and the professional competence profile of the physicians, a classification and regression tree (CART) analysis was performed.
CART is a tree-building binary recursive partitioning method using the Gini index for discrete distributions [16, 17] . Details of this method have been published previously [12] . For each chemotherapy cycle, compliance with the defined standard was taken as basis. The following factors were included in this analysis: age; academic degree; specialist training; length of training in oncology; duration of training in drug tumor therapy; position in the practice/department; specialization; activity in study groups; publications in scientific journals and textbooks; active participation in guidelines and guidelines within the clinic or practice; participation in regional, national, and international congresses; participation in further training; and participation in quality assurance. In addition, to control and validate the results of the CART algorithm, the calculated subgroups were compared by calculating the relative risk (RR) and Pearson's chi-square test for discrete distributions.
Patients
Patients must have received at least 2 cycles of a chemotherapy associated with high or intermediate FN risk (according to current EORTC guidelines) between 1 October 2014 and 31 March 2015 [8] . The list of the chemotherapy protocols is given in Table 1 . The FN risk has been taken from the original publications, which are also used in the German online database of chemotherapy protocols BOnkopti®^(www.onkopti.de).
At least two and a maximum of three chemotherapy cycles per patient were to be documented. The restriction to the number of 3 cycles is due to the results of the initial study, neutropenia prophylaxis I, in which no changes in the treatments over the further cycles could be detected [12] .
The investigated chemotherapy regimens associated with high or intermediate risk for febrile neutropenia are commonly used in Germany. Potential minor variations within the protocols were evaluated by the scientific project lead and assigned to the corresponding FN risk.
Primary prophylaxis with G-CSF after chemotherapy is recommended if the risk of FN due to chemotherapy is high (> 20%). If the risk of FN is intermediate (≥ 10-20%), then such prophylactic treatment should be given if additional risk factors are present.
The risk factors
At least one of the following risk factors for FN: age > 65 years, advanced stage of disease, prior febrile neutropenia due to chemotherapy; or at least two of the following risk factors for FN: poor performance status (ECOG > 1), hemoglobin < 12 g/dl, liver, renal, or cardiovascular disease, previous non-febrile neutropenia, female gender; or at least three other comorbid conditions. Poor nutrition status is mentioned by the EORTC guidelines as well; however, it was noted only in very few patients and thus not included for this grouping.
Results
The data of 1415 patients was collected; 602 with lung cancer and 813 with breast cancer. Data of 41 patients did not match the inclusion criteria, so a total of 1374 patients were included in the study, 573 with lung cancer and 801 with breast cancer, who received 1620 and 2332 chemotherapy cycles, respectively. One hundred twenty-five clinics and 97 practices with a total of 222 physicians participated.
Guideline adherence compared to the 2012 study
Compared with the first quality assurance for neutropenia prophylaxis (NP1) of 2012, the overall guideline adherence has improved significantly. Over both observed indications, compliance with the standard has improved from 65.1 to 76.6% (p < 0.001; OR 1.76; 95% CI 1.50-2.07) for chemotherapy with high FN risk, and from 45.5 to 51.2% for chemotherapy with intermediate FN risk (p < 0.001; OR 1.26; 95% CI 1.14-1.38).
The most significant improvement was seen in the treatment of lung cancer with chemotherapy with a high FN risk, where G-CSF treatment in accordance with the guidelines has increased from 15.4 to 47.8% (p < 0.001; OR 5.06; 95% CI 3.66-6.99). Chemotherapy with intermediate FN risk also showed an improvement of 38.8 to 44.3%, although this is more moderate (p = 0.004; OR 1.26; 95% CI 1.08-1.46).
In the treatment of breast cancer, compliance with the standard has remained constant at a high level in chemotherapy with a high risk of FN: 85.6% (2012) vs. 85.1% (2015), 
Guideline adherence in certified and non-certified centers
There are slight differences in compliance with the standard between certified and non-certified centers (OnkoZert/DKG, DGHO, CCC) (see Figure 1 and Table 2 ). The difference that can be observed across both indications is also due to the fact that in the indication of breast cancer, the overall guideline adherence is higher and a greater proportion of patients is treated in certified centers so that the summary shows a statistically significant result observed over both indications (see Fig. 1 ).
Guideline adherence and specialties of the centers
There are significant differences between the two organspecific disciplines (pulmonology and gynecology) and hematology/oncology institutions. In pulmonology, adherence to the standard is significantly lower than in hematology/ oncology departments or practices: in chemotherapy protocols with a high FN risk, 25.0% in pulmonology departments and 43.6% in hematology/oncology departments or practices adhere to the standard (p < 0.001; OR 0.26; 95% CI 0.14-0.46). In the case of chemotherapy protocols with intermediate FN risk, 38.1% in pulmonology vs. 48.6% in hematology/ oncology adhere to the standard (p < 0.001; OR 0.58; 95% CI 0.47-0.72).
In gynecology, there is a trend towards greater guideline compliance in gynecology departments and practices compared with hematology/oncology departments and practices. In FN intermediate-risk regimes (10-20%), there are also no significant differences between first (51.3%) and subsequent cycles (51.1%; p = 0.948; OR = 0.995; 95% CI 0.850-1.164). Nonetheless, in lung cancer, GL adherence is slightly higher in subsequent cycles (46.1%) than in first cycles (41.0%) (p = 0.168; OR 1.125; 95% CI 0.982-1.546), whereas in breast cancer, the GL adherence is somewhat lower in subsequent cycles (55.9%) than in first cycle (61.3%; p = 0.139; OR 0.800; 95% CI 0.639-1.002). The data is summarized in Table 2 . Table 3 shows that GL adherence in LC in the second cycle is often associated with dose reduction, but dose reduction plays a minor role in BC.
Are the costs an argument against G-CSF prophylaxis?
In this study, 78.4% of physicians stated that the costs did not play a role in deciding on G-CSF prophylaxis, while 13.5% said they did not prescribe G-CSF for cost reasons.
Self-perception, self-assessment of the doctors
In this study, 81.1% of the physicians interviewed stated that they regularly apply guidelines on chemotherapy, 74.8% of physicians indicated that they regularly apply guidelines, and 16.2% apply guidelines for G-CSF prophylaxis in unclear situations.
Importance of the recommendations and professional journals on G-CSF prophylaxis
Physicians were asked which guidelines they considered relevant for their decision regarding G-GSF prophylaxis. In addition to guidelines from specialist societies and scientific studies, experience provides an important basis for decisionmaking (see Fig. 2 ). In this study, 82.4% of physicians stated that they read scientific journals on supportive therapy and 91% on drug therapy (see Fig. 3 ).
Guideline adherence depending on the competence profile of the physicians
In order to investigate the possible relations between the treatment in accordance with the guidelines and the competence profile of the treating physicians, the data of the patient documentation and the physician survey were correlated and analyzed with classification and regression tree (CART), the methodological details were published in the study Neutropenia I 2012 [12] .
Among the factors defined for describing the professionalism of the physicians, the first split appeared between pulmonologists on one side, and hematologists/oncologists and gynecologists on the other, with higher GL adherence in the latter two. Within the group of pulmonologists, GL adherence was better if they participated in two or more national conferences per year.
Gynecologists and hematologists/oncologists showed higher GL adherence when they had professional experience of more than 2 years. Physicians with 2 years or less of professional training was split by the specialization in therapy of patients with gynecological tumors (better adherence of 70.5%) or no specialization and treating mainly lung cancer (less adherence of 52.1%). The results are depicted in Fig. 4 .
Discussion
The study shows that the prophylaxis of febrile neutropenia in Germany has improved in the years 2012 to 2015 for the selected indications breast cancer and lung cancer [12] . It can therefore be assumed that the awareness of the treating oncologists has changed and that the guideline awareness has increased. The publication of the first study, with disappointing results of guideline adherence, as paper and on seminars, congresses and training events, for example, probably contributed to this. However, there are considerable differences between fields of expertise. Overall, the gynecological oncologists are more guideline-adherent than hematologist-oncologists and pulmonologists.
In lung cancer, the guideline coherence has improved compared to the preliminary examination, but it is still far too low. Compliance with the standard is less than 50% for both high and intermediate FN risk chemotherapy.
It is known that in advanced lung cancer, 25% of the patients take a fatalistic attitude [18] . This could also motivate doctors to administer less stringent chemotherapy and supportive therapy. However, it is not possible to explain why patients receive a dose-reduced therapy, with an increased risk of complications, without the appropriate guideline recommendation of G-CSF prophylaxis, instead of an established, full-dose primary therapy with adequate G-CSF prophylaxis which has proven effective in multiple studies. It has been published that the assessment of FN risk factors by physicians varies. Besides the risk of chemotherapy, the assessment of the patient by the physician plays a decisive role in risk Pearson's chi-squared test, p values adjusted using the Benjamini and Hochberg procedure to control the false discovery rate (FDR) assessment and the guideline plays a decisive role as a subsequent criterion [19] .
In breast cancer, the guideline adherence at a high FN risk of 85% is relatively good and remains the same compared to the preliminary examination. In case of intermediate FN risk, the lack of G-CSF prophylaxis, currently 32.3% and 33%, respectively, has hardly changed compared to the previous survey. The proportion of over-treated patients with moderate FN risk decreased from 16.6 to 8.8%. Nevertheless, a large proportion of the patients are still treated inadequately.
The quality of therapy needs to be improved by treating patients in tumor centers and organ-specific tumor centers. The German Cancer Society (DKG) has defined criteria for this purpose, which also apply in a similar form to the Comprehensive Cancer Centers (CCC) in Germany. In addition, the certification of oncology centers is also being carried out by the German Society of Hematology and Medical Oncology (DGHO). It has been shown that the G-CSF prophylaxis guideline adherence is significantly better in these centers. However, this effect is mainly caused by good guideline adherence at breast cancer centers. However, there is also considerable potential to optimize the implementation of guidelines in the certified centers.
Differences were also seen between specialties of oncologists. For example, the guideline adherence of pulmonology institutions was significantly worse than GL adherence at hematology and oncology institutions. So far, there is no explanation for these differences, since the guideline on lung cancer from 2010 also contains a short but correct section on G-CSF prophylaxis [20, 21] . In gynecological oncology, guideline adherence was higher than in hematology/oncology, this difference however was statistically not significant.
The guideline-congruent application of G-CSF in the first treatment cycle was not different than in subsequent cycles, which confirms the results of the first study [12, 22] At around 10% less than in the first study, the physicians surveyed believe that 74.8% of them adhere to the guidelines regularly and 16.2% in unclear situations, i.e. more than 90% Yes (dose reduction without G-CSF) of them attest to their own guideline adherence and willingness to apply the guideline. However, the reality is very different. This discrepancy must be further clarified and reduced. In contrast to some other countries, cost is not prohibitive to prescribing G-CSF in Germany, as shown by this and the previous study [12, 23] . In contrast to the previous CART analysis, the duration of the professional experience does not play a role for pulmonologists any more. At that time, professional experience of ≥ 22 years was associated with reduced GL adherence [12] . The association with congress participation has changed. If two or more international congress visits per year previously differentiated the group with poorer guideline adherence, the visit of two or more national congresses now describes the group with better guideline adherence. The attendance of international congresses is no longer apparent in GL adherence. This could mean that older physicians with longer professional experience and international congress participants no longer play a significant role in the decision to use supportive therapy, or that this group has improved its competence in supportive therapy.
For gynecologists and hematologist-oncologists, the effect of the duration of the education on guideline adherence has changed. Whereas previously physicians with fewer than 8 years of professional training had better guideline adherence, it is now physicians with more than 2 years of professional training who have better GL adherence. It can be assumed that the group with a long education period, but possibly less patient contact, will now decide less on the supportive therapy. Overall, it can be seen that G-CSF prophylaxis in patients with lung cancer treated by pulmonologists is the least consistent with the current guidelines, even if adherence has improved compared to the prior examination.
In order to achieve a more comprehensive application of guidelines in Germany, it therefore seems to make sense to promote and optimize training measures which are also urged by the German Institute for Quality and Efficiency in Health Care (IQWiG) [24] .
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